The aim of this report is to evaluate whether cortexin provides any protective activity against ototoxicity of cisplatin.
INTRODUCTION
Ototoxicity is a general term describing the damage that occurs in vestibular and cochlear organs because of exposure to chemical substances or certain therapeutic agents [1] . The medication classes that are currently known to cause ototoxicity may be listed as antibiotics, antineoplastic agents, diuretics, anti-inflammatory agents, chelating agents, antimalarial drugs, ototropic drugs, and various others. Major symptoms induced by ototoxic substances include tinnitus, hearing loss, and dizziness [2, 3] . Cisplatin (cis-diamminedichloroplatinum II) is an effective antineoplastic agent commonly used for the treatment of several malignant diseases including squamous cell carcinoma of the head and neck, ovarian, solid testicle, prostate, bladder, cervix tumors, and non-small cell lung carcinoma [4] . On the other hand, serious side effects of cisplatin, such as ototoxicity, nephrotoxicity, gastrointestinal toxicity, myelinotoxicity, and peripheral neuropathy, limit the clinical use of this agent. Nephrotoxicity and ototoxicity are pointed out as the major dose-limiting side effects [5] . It is thought that the autotoxic side effect of cisplatin is caused by binding to DNA and causing apoptosis and activation of inflammatory cascade pathway leading to oxidative stress in the cell [6] . Reactive oxygen products produced after oxidative stress increase alfahydrate, malandialdehyde, toxic lipid peroxidase levels by allowing lipid peroxidation of protective antioxidant molecules against cochlear tissues [7] . The target regions that are mainly affected by cell damage mechanisms are the spiral ganglion cells, the lateral wall and the hairy cells in the cortical organ [6] . Ototoxic effects of cisplatin are characterized by progressive, irreversible, bilateral high-frequency sensory-neural hearing loss accompanied by tinnitus. Factors effecting the incidence of ototoxicity include the mode of administration, age, serum protein levels, cumulative dose, dietary factors, genetic factors, and a history of cranial radiotherapy [4, 5] .
The Protective Effect of Cortexin on Cisplatin-Induced Ototoxicity
Cortexin is a polypeptide produced from bovine brain, and it was first introduced to clinical use in 1999. Its low molecular weight (7 kilodalton) allows it to pass the blood-brain barrier. Cortexin involves excitatory and inhibitory amino acid neuromediators. The mechanism of action of cortexin is associated by its metabolic activity. Cortexin has GABA-ergic activity, and it regulates the excitatory and inhibitory amino acid balance, as well as serotonin and dopamine levels, while also modulating antioxidant levels and bioelectrical activity in the brain [8] .
There is currently no ideal agent to protect the patients from potential side effects of cisplatin, an agent widely used in the field of oncology. The present study aimed to evaluate the potential protective efficacy of concomitant cortexin use against cisplatin-induced ototoxicity in rats, by means of auditory and histopathological examinations.
MATERIALS and METHODS

Experimental Animals
The study was performed on 30 healthy adult Wistar Albino rats weighing between 200 and 240 g. The study was initiated after approval of local ethics committee. A maximum of five rats were placed in each cage at Experimental Research Center and were fed in a standard manner with a mechanism whereby they could reach unlimited special bait and water.
All rats used for the study were anesthetized by intraperitoneal administration of 50 mg/kg ketamine hydrochloride (Ketalar*; Eczacıbaşı Pharmaceuticals, İstanbul, Turkey) in combination with 7.5 mg/kg xylazine (Rompun; Bayer AG, Leverkusen, Germany). An appropriate speculum was placed into the outer ear canal of the subjects under an oto-microscope (Zeiss, Germany) to examine the outer ear canal and the tympanic membrane. Rats with outer and middle ear pathologies were excluded from the study.
Groups
•
The subjects were randomly divided into three groups of 10 mice each. On the fourth and eighth days after study baseline, all rats in all the three study groups were anesthetized by ip administering 50 mg/ kg ketamine hydrochloride and 7.5 mg/kg xylazine in combination, and their auditory brainstem response (ABR) and distortion product otoacoustic emissions (DPOAE) measurements were obtained from the right ear. On the fourth day after ABR and DPOAE measurements, five rats in each of the three groups were decapitated. Similarly, the remaining five rats in all three groups were decapitated on the eighth day after ABR and DPOAE measurements. Following decapitation, cochleas of the subjects were rapidly removed and transferred to histopathology laboratory for histopathological investigations.
Hearing Assessment
The ABR and DPOAE measurements of all subjects were recorded before the study and on the 4 th and the 8 th days of the study. ABR responses were recorded by subcutaneous needle electrodes. ABR threshold was defined as the lowest intensity level where V wave of ABR could be seen. DPOAE findings were evaluated based on signal to noise (SNR) ratios recorded at frequency bands of 1.5, 2, 3, 4, 5, 6, 7, 8, 10, and 12 kHz. Basal hearing thresholds were detected and subjects with hearing loss were excluded from the study.
Histopathological Assessment
For histopathological investigations, cochlea tissues obtained from the subjects in all groups were fixed by decalcification + 10% phormol solution, processed by a series of routine histologic tracing, and embedded into paraffin blocks. Sections at a thickness of 4-6 μm obtained from the paraffin blocks were stained by hematoxylin-eosin and Masson's trichrome, and the histopathologic changes (edema, congestion, tissue separation and breakdown, edema in the spiral ganglion cells, vacuolization of the spiral ganglion cells) were identified. On the basis of the histopathological status, the changes were evaluated a none (0), mild (1), moderate (2), and severe (3). Maximum score was defined as 15. Scoring was done for each subject, and mean values were estimated for all groups. TUNEL method was used to identify the cells progressing to apoptosis. For the assessment of TUNEL staining, nuclei stained blue by hematoxylin were evaluated as normal, and nuclei showing brown nuclear staining were evaluated as apoptotic. Apoptotic index (AI) was calculated on the basis of the ratio of apoptotic cells to total (normal + apoptotic) cells.
Statistical Analysis
Statistical analysis was performed using Statistical Package for the Social Sciences version 22 software (IBM Corp.; New York, USA). Oneway analysis of variance (ANOVA) and post-hoc Tukey tests were used to produce histo-scores based on histopathologic scores. A p value of <0.05 was considered statistically significant.
RESULTS
Hearing and histopathologic assessments of all three groups are shown below.
Hearing Assessment
ABR findings
The mean hearing thresholds were similar among the three groups based on ABR tests performed at study baseline (before drug administration) (p>0.05) ( Table 1) .
Comparison of the control group and cisplatin group on the fourth day of study indicated that there was a significant increase in the mean hearing threshold of cisplatin group (p<0.05). When the control group and cisplatin+cortexin group were compared, a statistically significant increase was noted in the mean hearing threshold of cisplatin+cortex-in group (p<0.05). Comparison of cisplatin group with cisplatin+cor-texin group, on the other hand, did not indicate any statistically significant difference (p>0.05). ABR test performed on the eighth day of study demonstrated that there was a statistically significant increase in the mean hearing threshold of cisplatin group compared with the control group (p<0.05). When control group was compared with cisplatin+cortexin group, a statistically significant in of cisplatin group with cisplatin+cortexin group showed that there was a statistically significant decrease in the mean hearing threshold of cisplatin+cortexin group (p<0.05). When the mean hearing thresholds of cisplatin group on the fourth and the eighth days were compared, a statistically significant increase was noted in the values recorded on the eighth day (p<0.05). Comparison of mean hearing thresholds of cisplatin+cortex-in group recorded on the fourth and the eighth days did not indicate any statistically significant difference (p>0.05).
DPOAE Findings
In neither of the frequencies, the changes on days 0, 4, and 8 were not found to be statistically significantly different in the control group (p>0.05) ( Table 2 ). When the control group was compared with the cisplatin and cisplatin+cortexin groups on the fourth day of study, statistically significant emission loss was noted at all frequencies (p<0.05). In the cisplatin group, no significant differences were noted at 1, 4, 5, 6, 8, and 10 kHz frequencies between the fourth and the eighth days of study (p>0.05), whereas statistically significant emission loss was recorded at all other frequencies (p<0.05). In the cisplatin+cortexin group, no statistically significant differences were found at 1, 2, 5, 6, and 12 kHz frequencies between the fourth and the eighth days of study (p>0.05), whereas statistically significant emission loss was recorded at all other frequencies (p<0.05). Cisplatin ototoxicity occurred on the fourth and the eighth days of the study in cisplatin and cisplatin+cortexin groups, whereas statistically significant emission loss was not noted between these days in cisplatin+-cortexin group at 2, 5, and 12 kHz (Table 2) .
Histopathological Findings
TUNEL staining, performed to identify apoptotic cells, was examined under a light microscope.
TUNEL positivity was not recorded in the control group. Compared with the control group, increased TUNEL positivity was recorded on the fourth day of study in the cisplatin and cisplatin+cortexin groups (p<0.05) (Table 3) . Similarly, compared with the control group, a significantly higher TUNEL positivity was observed in the cisplatin ( Figure 1 ) and cisplatin+cortexin ( Figure 2 ) groups on the eighth day of study (p<0.05). Whereas comparison of cisplatin and cisplatin+cortexin groups did not indicate a statistically significant difference between the groups on the fourth day of study (p>0.05), a marked increase in TUNEL positivity was noted in the cisplatin group on the eighth day of study (p<0.05) ( Table 3) .
Investigation of the triple-stained slides prepared for histopathological examinations under a light microscope showed that the corti organ was normal in the control group. Compared with the control group, mild edema and congestion were noted in the cisplatin and cisplatin+cortexin groups on the fourth day of study. Cisplatin group demonstrated marked congestion and tissue separation and breakdown on the eighth day ( Figure 3) . Moreover, there was a remarkable level of spiral ganglion cell edema and vacuolization. In the cisplatin+cortexin group, spiral ganglion cell edema and vacuolization were found to be markedly reduced and resembled those of the control group on the eighth day ( Figure 4 ).
Histo-scoring, performed on the basis of the histopathological changes observed in this study, showed that a significant level of edema and congestion developed in cisplatin and cisplatin+cortexin groups compared with the control group on the fourth day of study (p<0.05) ( Table 4) .
Statistically significant increases were noted in the scores of edema, congestion, tissue separation and breakdown, spiral ganglion cell edema, and spiral ganglion cell vacuolization in the cisplatin group compared with the control group on the eighth day of study and compared with the scores recorded in cisplatin group on the fourth day of study (p<0.05). On the eighth day of study, cisplatin+cortexin group had a significantly higher decrease in edema, congestion, tissue separation and breakdown, spiral ganglion cell edema, and spiral ganglion cell vacuolization scores compared with cisplatin group (p<0.05) ( Table 5) . 
DISCUSSION
Ototoxicity is a general term describing the damage that occurs in vestibular and cochlear organs as a result of exposure to chemical substances or certain therapeutic agents [1] . Several studies have been performed to define ototoxicity. In general, an agent is defined to be ototoxic if it causes at least 10 dB bilateral hearing loss between frequencies of 250 and 8000 Hz [9, 10] . Cisplatin-induced ototoxicity generally manifests as tinnitus and hearing loss starting at higher frequencies; however, these effects may extend to lower frequencies significant to understand speech [11, 12] . The effects are dose-dependent, cumulative, and generally permanent [13] . Ototoxic effects of cisplatin manifest with the damage on external hairy cells starting from the cochlear base [14, 15] . Studies performed later on demonstrated that, in addition to the external hairy cells, damage also occurs in the stria vascularis and spiral ganglion cells, and these events take place parallel to the directly targeted external hairy cell loss [16] . Several studies in the literature investigated methods to provide protection from cisplatin ototoxicity. Those studies demonstrated the protective effects of N-acetylcysteine [17] , D-methionine [18] , L-methionine [19] , ebselen and allopurinol [20] , tiopronin [21] , vitamin E, [22] and steroids [23, 24] against cisplatin ototoxicity.
Cortexin is a polypeptide consisting of 82 amino acids [25] . Cortexin shows antiapoptotic activity through the caspase-3 pathway [26] . A previous study performed on rats reported that cortexin shows antioxidant activity by reducing lipid peroxidation [27] . Cortexin is a neurotropic agent, and it is available in the form of a lyophilized drug extracted from animal cortex consisting of neuropeptides, amino acids, and trace element. This nucleoprotein complex of the cerebral cortex may also include DNA fragments and chromatin elements. These elements of cortexin have specific target ranges to modulate several molecular and cellular steps of the pathologic process [28] . In a clinical study investigating cortexin, patients with brain ischemia showed favorable outcomes such as a decrease or complete regression in focal neurological symptoms, positive alterations in the markers of cognitive impairment, mood normalization, and decreased levels of depression after cortexin therapy [29] . In a study investigating the effects of cortexin on the recovery of traumatic peripheral facial nerve paralysis models experimentally induced in rabbits by conserving nerve integrity, favorable effects were observed on neural fibrotic degeneration, axonal degeneration, normal myelin construction, and edema in cortexin group compared to the control group [30] . Prospective placebo-controlled trials confirmed the neuroprotective efficacy and activity of cortexin as a stress-limiting agent in the presence of acute cerebral pathologies such as severe brain damage and encephalitis in infants. Those studies reported that addition of cortexin to therapy regimens at an early stage provides quite beneficial effects on recovery [31] .
Several studies have been performed on cortexin, particularly in the recent years. Most of those studies investigated the neuroprotective and antioxidant activities of cortexin. These already known mechanism of action of cortexin was investigated in the present study considering it may be effective against the mechanisms associated with the reactive oxygen species that are generated because of cisplatin-induced ototoxicity. Considering cortexin has antioxidant ac- tivity, it affects the caspase-3 pathway in addition to increasing the neuroprotective modulators in the brain, and it plays a neuroprotective role, we supposed that it may be a potential agent to provide protection from cisplatin-induced ototoxicity. Moreover, there is currently no study in the literature investigating whether cortexin has a protective activity against ototoxicity, which was another reason encouraging us to carry out this research.
Auditory brainstem response tests performed in the scope of this study indicated that, compared with the control group, the groups given cisplatin developed hearing loss on the fourth and the eighth days of the study. On the other hand, the group given cortexin concomitant to cisplatin did not show a significant recovery on the fourth day but experienced statistically significant recovery in hearing loss on the eighth day of the study. Moreover, DPOAE tests showed that cisplatin and cisplatin+cortexin groups developed cisplatin ototoxicity on the fourth and the eighth days of the study, whereas cisplatin+cortexin group did not experience a significant emission loss at 2, 5, and 12 kHz frequencies on the same days. The fact that emission loss at these frequencies was lower suggests that cortexin may provide protective activity against cisplatin-induced ototoxicity.
Findings of the TUNEL staining, performed to identify the apoptotic cells, and histopathological examination results were also consistent with the results of the hearing tests. Yet, compared with the control group, the group given cisplatin had a significantly higher apoptotic cell count specifically on the eighth day, and Group III receiving concomitant cortexin had a marked reduction in apoptotic cell count particularly on the eighth day. The fact that cortexin significantly reduced apoptotic cell count may be related to its antioxidant activity. Likewise, previous studies showed that cortexin shows antioxidant activity through the caspase-3 pathway [26] and by reducing lipid peroxidation [27] .
CONCLUSION
In conclusion, experimental cisplatin administration induced prominent hearing loss, cochlear apoptosis, and histopathological changes in rats on the fourth and the eighth of the study, and cortexin prophylaxis provided marked improvement in these parameters on the eighth day. This activity of cortexin can be associated with its antioxidant capacity, which is probably effective against the mechanisms induced by the reactive oxygen species produced during cisplatin ototoxicity. This study gives a different perspective on the treatment of ototoxicity, as it is the first study to demonstrate the protective activity of cortexin against cisplatin-induced ototoxicity. We believe that cortexin-based treatment strategies to prevent ototoxicity can be tested in more advanced and detailed studies in near future.
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